Abstract. The Einstein-Schrödinger theory is extended to include spin-0 and spin-1/2 sources, and the theory is derived from a Lagrangian density which allows other fields to be easily added. The original theory is also modified by including a cosmological constant caused by zero-point fluctuations. This "extrinsic" cosmological constant which multiplies the symmetric metric is assumed to be nearly cancelled by Schrödinger's "bare" cosmological constant which multiplies the nonsymmetric fundamental tensor, such that the total cosmological constant is consistent with measurement. The resulting theory is shown to closely approximate ordinary one-particle quantum mechanics, electromagnetism and general relativity. In particular, the field equations match the ordinary Einstein and Maxwell equations except for additional terms which are < 10 −16 of the usual terms for worst-case field strengths and rates-of-change accessible to measurement. The theory is also shown to predict the exact Klein-Gordon and Dirac equations, and the exact Lorentz force equation. Lastly, we discuss the merits of our Lagrangian density compared to the Einstein-Maxwell Lagrangian density.
Introduction
The Einstein-Schrödinger theory has had a long and distinguished history. Two full length books and over 100 research articles have been published on it (see the bibliographies of [1, 2] ). Both Einstein and Schrödinger devoted a section of one of their books to it. All of this was done without anyone being able to definitely connect the theory to reality, and interest in the theory has faded as a result.
In this paper and in two previous papers [2, 3] it is shown that the EinsteinSchrödinger theory can be made to closely approximate ordinary Einstein-Maxwell theory by simply including a large cosmological term Λ e g σµ in the field equations, where g σµ is the symmetric metric. It is well known that zero-point fluctuations should be expected to cause just such a cosmological term [4, 5, 6] , so this can be viewed as a kind of zeroth order quantization effect. We assume that the "extrinsic" cosmological term Λ e g σµ is nearly cancelled by Schrödinger's "bare" cosmological term Λ b N σµ , where N σµ is the nonsymmetric fundamental tensor and g σµ = N (σµ) . The resulting total cosmological constant Λ = Λ b + Λ e can then be consistent with measurement.
In [2] , the electro-vac version of the theory was described in detail, and close approximations of Maxwell's equations and the Einstein equations were derived. An exact electric monopole solution was derived which closely approximates the ReissnerNordström solution, and the equations-of-motion for such solutions found using the Einstein-Infeld-Hoffman method [7] were shown to definitely exhibit the Lorentz force. In [3] , the theory was expressed in Newman-Penrose tetrad form, some critical calculations were confirmed using tetrad methods, and the electric monopole solution was shown to be of Petrov-type D. A classical hydrodynamics extension of the theory was also developed, and the exact Lorentz force equation was derived. In the present paper, the theory is further extended to include spin-0 and spin-1/2 sources. It is also derived from a Palatini type of Lagrangian density which allows other fields to be easily added, including the additional fields of the Standard Model.
Einstein's work [8, 9, 10, 11, 12] on this theory began in 1946, and he held to the same theory until his death in 1955. In his papers he never calls the theory a unified field theory, being careful not to claim anything he could not prove. He derived the theory using arguments similar to those he used to derive ordinary general relativity [13, 10] , and he used a Palatini type of Lagrangian density [10] .
Schrödinger's contributions [14, 15, 16] to the theory began shortly after Einstein's. However, he came upon the theory independently, by considering the simplest Lagrangian density he could think of, namely the square-root of the determinant of the Ricci tensor composed of only an affinity. He found that the resulting field equations were identical to Einstein's theory, but with a cosmological constant. In fact, Schrödinger's simple derivation only works if this cosmological constant is not zero. This is somewhat important for the present paper in the sense that one can claim that this "bare" cosmological constant is not simply being appended onto the theory, but is instead an inherent part of it.
Many others have made important contributions to the theory, most of which are listed in the bibliographies of [1, 2] . Of particular significance to the present paper are contributions related to the choice of metric [17, 18, 19, 20] , the generalized contracted Bianchi identity [17, 19, 18, 20] , the inclusion of charge currents [20] , and exact solutions with a cosmological constant [21, 22] .
In the modified theory presented here, Schrödinger's bare cosmological constant cancels a large extrinsic cosmological constant caused by zero-point fluctuations [4] . This is not a radical proposal! In fact, the apparent absence of a cosmological constant from zero-point fluctuations has been a longstanding problem in conventional Standard-Model physics [5] . Zero-point fluctuations are fundamental to quantum field theory, and are the cause of the Casimir force [5] . Even if zero-point fluctuations do not contribute to the cosmological constant, there are other elements of the Standard-Model which should be expected to cause a large cosmological constant, and the present theory would be very similar with such a substitution. To quote from the quantum field theory text Peskin and Schroeder [6] "We have no understanding of why λ is so much smaller than the vacuum energy shifts generated in the known phase transitions of particle physics, and so much again smaller than the underlying field zero-point energies." In the theory presented here, the fine-tuning of cosmological constants is not so objectionable when one considers that it is similar to renormalization methods which are commonplace in quantum field theory. In a familiar renormalization to account for self energy, "bare" particle masses become very large (infinite if the cutoff wavenumber goes to infinity), but the "physical" mass remains small. In a similar manner in this theory, the "bare" cosmological constant Λ b becomes very large, but the "physical" Λ remains small. This can be viewed as a kind of vacuum energy renormalization of the original Einstein-Schrödinger theory to account for zero-point fluctuations, and with this quantum mechanical effect included, the theory closely approximates ordinary general relativity and electromagnetism.
When a large extrinsic cosmological constant is added to the Einstein-Schrödinger theory, the resulting theory does not appear to predict any other fields of the Standard Model besides the electromagnetic field, at least not in an obvious way. However, as a justification for investigating the theory, there are possible ways that the additional Standard Model fields could come out of the theory. For example, the theory could be considered with more than four dimensions, similar to string theory. Fields associated with the short range forces could perhaps arise naturally in compacted higher dimensions, but manifest themselves in four dimensions via extra terms in the Lagrangian density. For this reason, the dimension "n" is left unspecified in the present paper and in most of [2, 3] . The theory presented here is also not viable as is because it has not been quantized. It does not even qualify as a semiclassical theory because we make no attempt to quantize the electromagnetic, spin-0, and spin-1/2 fields. Such second quantization or multi-particle quantization needs to be applied to this theory, but this topic is outside the scope of the present paper. The hypothesis behind this paper is that an unquantized theory-of-everything might come in the form of a purely classical theory where fermions are represented not by fields, but by singular solutions of the field equations. We assume that the quantization process must also include a first quantization step in which wave-functions are substituted for particles to create a one-particle quantum mechanical theory. With this assumption, a charged spin-1/2 field must be added to the Lagrangian density, but this could perhaps be viewed as the first quantization of an elementary Kerr-Newman-like solution. While this idea is speculative, the theory presented here is rather conventional. We show that spin-0 and spin-1/2 fields can be added to the Einstein-Schrödinger theory in the same way they are added to ordinary general relativity and electromagnetism. This paper is organized as follows. In §2 we display the field equations. In §3 we discuss the Lagrangian density, and its extensions for the electro-vac, classical hydrodynamics, spin-0 and spin-1/2 cases. In §4- §7 we derive the field equations from the Lagrangian density. We show that the theory predicts the ordinary Klein-Gordon and Dirac equations, and the ordinary Lorentz force equation. In §8 we show that the theory predicts the ordinary Einstein and Maxwell equations except for additional terms which are < 10 −16 of the usual terms for worst-case field strengths and ratesof-change accessible to measurement. In §9 we discuss the merits of our Lagrangian density compared to the Einstein-Maxwell Lagrangian density.
The Field Equations
The field equations of the Einstein-Schrödinger theory [14, 15, 16, 8, 9, 10, 11, 12] , including an extrinsic cosmological term [2] , energy-momentum tensor [18] , and charge currents [20] are,
Here the symbols ( ) 
The connection equations (3) are displayed in contravariant density form rather than the usual covariant form because this is more convenient when charge currents are included. In these equations, N = det(N µν ), g = det(g µν ), j α is a charge current, "n" is the dimension, and N ⊣νσ is the inverse of N σµ so that N ⊣νσ N σµ = δ ν µ . We also add an "extrinsic" cosmological constant Λ e so that the total "physical" Λ is
Instead of assuming the metric to be g µν = N (µν) , we use the second most common definition [17, 18, 19, 20] ,
Note that (7) defines g µν because
, where "n" is the dimension. The metric g µν would be used for measuring space-time intervals, and for calculating geodesics. Raising and lowering of indices is done with this metric, and the covariant derivative ";" is done using the Christoffel connection formed from it,
The metric (7) is assumed because when j α = 0, T α ν;α = 0, the divergence of the Einstein equations associated with (1) vanishes using the Christoffel connection (8) . And when j α = 0, the divergence of the Einstein equations gives the ordinary Lorentz force equation, again where the divergence is done using the Christoffel connection (8) . And of course when N µν is symmetric, the definition (7) requires g µν = N µν , the connection equations (3) require j α = 0,Γ α σµ = Γ α σµ , and the field equations reduce to neutral matter general relativity.
The electromagnetic field is defined to be
Then from (7), g µν and f µν are symmetric and antisymmetric parts of a total field,
Antisymmetrizing (3) and contracting gives Ampere's law
In (9-11) f µν is unitless like g µν and therefore j τ has units of s −1 . In addition we will be using units where the electromagnetic potential A σ is in cm and charge Q is in cm 2 , so that 2A [ν,µ] and Q/r 2 are also unitless. These units are convenient because they simplify the equations, and because we will be considering expansions in f µ ν . The conversion to cgs units is defined to be
The Lagrangian Density
Ordinary vacuum general relativity can be derived from a Palatini Lagrangian density,
Here and throughout this paper we are assuming that n = 4, but the dimension "n" will be included in the equations to show how easily the results can be generalized to arbitrary dimension. The original Einstein-Schrödinger theory, (1-4) with Λ e = 0, j α = 0, T µν = 0, can be derived from a generalization of (13) which depends on a connection ♮ Γ α σµ and a fundamental tensor N σµ with no symmetry properties,
Using the identity
where we have decomposed
which are defined bỹ
By contracting (17) on the right and left we see thatΓ To include additional fields we will simply append a matter term L m onto (15) , and this term is assumed to be formed with the metric g µν , not with N µν . This L m may also include A µ from (18) , which is the electromagnetic potential in this theory. Of course L m should not include a √ −gF µν F µν term because this term is effectively already contained in the theory. Also, while we will not attempt to quantize the theory, it is widely held that quantization should result in a large cosmological constant contribution caused by zero-point fluctuations, so a Λ e √ −g term is added,
We have also inserted an additional termΓ (19), effectively replacing the Ricci tensor (5) with the so-called Hermitianized Ricci tensor [8] , For the electro-vac case as in [2] , matter is represented by solutions to the field equations (which are allowed to have singularities) and we have
For the classical hydrodynamics case as in [3] , we can form a rather artificial L m which depends on a mass scalar density µ and a velocity vector u σ , neither of which is constrained (that is we will not require δL/δµ = 0 or δL/δu ν = 0),
For the spin-0 case as in [23] , matter is represented with a scalar wave-function ψ,
For the spin-1/2 case as in [23] , matter is represented by a four-component wavefunction ψ, and things are defined using tetrads e (a) ν ,
In the equations above, m is mass, Q is charge, l P = G/c 3 is the Planck length, and the σ i are the Pauli spin matrices. The spin-0 and spin-1/2 L m ′ s are the ordinary expressions for quantum fields in curved space [23] . In (25,31) the conjugate derivative operator ← − D µ is made to operate from right to left to simplify subsequent calculations. As would be expected, for the spin-0 and spin-1/2 cases the Lagrangian density (19) is invariant under a gauge transformation,
The constants in the gauge transformation and in (23, 25, 31) may look unfamiliar, but by applying the conversion to cgs units (12) it is easy to see that they give the usual coefficients.
For all of the L m cases, the Lagrangian density (19) is transposition invariant, meaning that it is unchanged by the transformation,
This occurs because from (21, 4) , the transformation (33) causes the lower indices of the Hermitianized Ricci tensor (20) to be transposed,
It is easy to see that this makes (19) invariant under the transformation. In this paper, the transposition invariance of the Lagrangian density corresponds to charge conjugation invariance, and this property is of course inherited by the resulting field equations. The name Hermitianized Ricci tensor comes about because the theory works perfectly well if Q and A σ are assumed to be imaginary. ThenΓ
all become Hermitian, while √ −N and g σµ remain real. In this case the transformation (33,34) corresponds to complex conjugation and transposition invariance becomes invariance under complex conjugation, meaning that the Lagrangian density is manifestly real. The allowance of Hermitian fields is not a peculiarity of the present theory but is in fact a basic part of the original Einstein-Schrödinger theory [8, 10] . In this paper we will be assuming Hermitian fields if Λ e < 0, Λ b > 0, and real fields if Λ e > 0, Λ b < 0, which can be seen from the conversion to cgs units (12).
Ampere's Law
Now let us derive the field equations resulting from the Lagrangian density (19) . Setting to zero the variational derivative of (19) with respect to ♮ Γ α σµ will give the field equations (3, 4) , and Ampere's law can be derived from these. However, as discussed previously, the same field equations must result if we instead useΓ α σµ and A τ as the independent variables, and since this is simpler we will follow this method. Setting to zero the variational derivative of (19) with respect to A τ and using (9) gives Ampere's law (11),
where
From (37) we see that j τ is different for each L m case. For the electro-vac case, j α may have a singularity at the position of a particle, but otherwise we have,
For the classical hydrodynamics case,
For the spin-0 case as in [23] ,
For the spin-1/2 case as in [23] ,
A continuity equation follows from (11) regardless of the type of source,
The Connection Equations
The variational derivative of (19) with respect toΓ 
and (19, 20, 11) we can calculate,
In these last two equations, the index contractions occur after the derivatives. At this point we must be careful. BecauseΓ α σµ has the symmetry (4), it has only n 3 − n independent components, so there can only be n 3 − n independent field equations associated with it. It is shown in Appendix C of [2] that instead of just setting (45) to zero, the field equations associated with such a field are given by the expression,
These are the contravariant density connection equations (3) . From the definition of matrix inverse
Contracting (51) with N τ ρ and using (4, 52) gives the result,
and dividing this by (n−2) gives,
From (54) we get
Because of (55,11) theΓ (19) only affects the field equations if L m contains A µ , that is if j α = 0. From (51,54) we get the contravariant connection equations,
Multiplying this by −N σρ N τ µ gives the covariant connection equations,
The Einstein Equations and Curl Equations
Setting to zero the variational derivative of (19) with respect to N σµ gives the field equations (1,2), as well as the Einstein equations associated with (1). However, the field equations must be the same if we instead use g σµ and f σµ as the independent variables. The field equations must also be the same if we use √ −N N ⊣µσ as the independent variable, and since this is simplest, we will follow this method. Before calculating the field equations, we need some preliminary results. From (7) we get,
Using (7) and the identities det(sM
Using (60,61) and the identity
Note that from (58,59,63), if L m depends only on g σµ and √ −g, and not on N σµ and √ −N , then ∂L m /∂( √ −N N ⊣µσ ) gives the same result as ∂L m /∂( √ −g g µσ ). For the spin-1/2 case we will need the derivative ∂(
Multiplying (29) by √ −g e (b) ν and taking its derivative with respect to
Taking the derivative of (30) with respect to √ −g g µσ and using (63) gives
Substituting (66) into (65) we finally get
Now we are ready to calculate the field equations. Setting to zero the variational derivative of (19) with respect to √ −NN ⊣µσ and using (62,63) gives,
where S σµ is related to the energy momentum tensor T σµ according to,
Taking the symmetric part and curl of (72) gives the field equations (1,2). From (73) we see that S σµ and T σµ are different for each L m case. For the electro-vac case
Note that in the purely classical limit as i D ν ψ → p ν ψ , −i ψ ← − D ν →ψp ν , the energy momentum tensors (78) for spin-0 and (80) for spin-1/2 both go to the classical hydrodynamics case (76).
The Einstein equations are obtained by combining (1) with its contraction,
There is a generalized contracted Bianchi identity for this theory which reduces to the usual contracted Bianchi identity G ν σ; ν = 0 for the symmetric case. The version without charge currents was first derived in [10] , and later expressed in terms of the metric (7) by [17, 19, 18] . The version with charge currents was first derived by [20] using a method where an infinitesimal coordinate transformation is applied to an invariant integral. Because [20] does not include the full derivation, the identity is derived in Appendix B, and for the purpose of confirming the earlier result, a much different direct computation method is used. The generalized contracted Bianchi identity is,
This identity does not depend on the field equations (1,2), but only on the connection equations (3) and the symmetry (4) ofΓ α σµ . It also does not depend on the choice of the matter term L m .
Taking the divergence of the Einstein equations (81) using (83,2,A.10,11,72) gives
From the conversion to cgs units (12) we see that (89) is the ordinary Lorentz force equation of general relativity and electromagnetism. Equation (89) applies for all of the L m cases. For the classical hydrodynamics case, further simplification results by combining (76,39) with the continuity equation (42). Then (89) is just the Lorentz force coupled to Newton's 2nd law,
The Klein-Gordon and Dirac Equations
For the spin-0 case, the Klein-Gordon equation is obtained by taking the variational derivative of (19) with respect toψ,
The conjugate Klein-Gordon equation is found by taking the variational derivative of (19) with respect to ψ,
This is just the complex conjugate of the Klein-Gordon equation (94) ifψ = ψ * . For the spin-1/2 case, the Dirac equation is found in a similar manner,
The conjugate Dirac equation is,
Both the Klein-Gordon and Dirac equations match those of ordinary one-particle quantum mechanics in curved space [23] . Note that for the spin-0 case, instead of deriving the continuity equation (42, 
The calculations can be found in a commented-out appendix of this paper's .tex file. Presumably, similar results occur for the spin-1/2 case, but this was not verified.
Approximation of Einstein-Maxwell Theory
An exact electric monopole solution [2, 3] exists for the electro-vac case of this theory, and it closely approximates the Reissner-Nordström solution. Equations of motion [2] of such solutions found using the Einstein-Infeld-Hoffmann method [7] match those of classical electromagnetism [25] . The Lorentz force equation (89) represents the equation of motion when L m = 0, and it exactly matches the ordinary result for the classical hydrodynamics, spin-0 and spin-1/2 cases. It is proven in [2, 3] that the theory closely approximates the ordinary Einstein equations and Maxwell equations for the electro-vac and classical hydrodynamics cases. Here we will elaborate on this proof and show that it also applies for the spin-0 and spin-1/2 cases. We will make much use of the approximation [2] ,
It is a widely accepted technique, and is used heavily in research on this topic. We will refer to equations as being accurate to order f 1 or f 2 etc., meaning that higher order terms such as f α β f β α f σ µ are being ignored. To a limited extent we will also use the approximation of small rates of change and small spatial curvatures,
where C σµαρ is the Weyl tensor. The symbols || mean the largest measurable component for some standard spherical or cartesian coordinate system. If an equation has a tensor term which can be neglected in one coordinate system, it can be neglected in any coordinate system, so it is only necessary to prove it in one coordinate system. To show the extreme degree that (105-106) are satisfied, let us consider worst-case values of |f α β |, |f α β;ν |, |f α β;µ;ν |, |C σµαρ | accessible to measurement. We assume that Λ e is caused by zero-point fluctuations with a cutoff wave-number [28, 27, 26, 29, 30] 
where l P = (Planck length) = G/c 3 = 1.6 × 10 −33 cm.
Then from (6, 107) and assuming all of the known fundamental particles we have [5, 2] ,
and from astronomical measurements
From (12,108,109) we see that in our units an elementary charge would have
where α = e 2 / c ≈ 1/137 is the fine structure constant. If we assume that charged particles retain f 1 0 = Q/r 2 down to the smallest radii probed by high energy particle physics experiments (10 −17 cm) we have from (109),
The fields at this radius would be larger than near any macroscopic charged object, and would also be larger than the strongest plane-wave fields. Also, for the highest energy gamma rays known in nature (10 20 eV) we have from (109),
The largest observable values of the Weyl tensor might be expected to occur near the Schwarzschild radius, r s = 2Gm/c 2 , of black holes, where it takes on values around r s /r 3 . However, since the lightest black holes have the smallest Schwarzschild radius, they will create the largest value of r s /r 3 s = 1/r 2 s . The lightest black hole that we can expect to observe would be of about one solar mass, where from (109),
From (113-118) it is clear that the conditions (105-106) are extremely well satisfied. The definitions (7,9) of g σµ and f σµ can be inverted to get an expression for N σµ in terms of g σµ and f σµ . An order f 2 solution is derived in [2] and confirmed by tetrad methods in [3] ,
The connection equations (3) can be solved similar to the way that g µν;α = 0 is solved to get the Christoffel connection [24, 1, 3] . An order f 2 approximation forΓ α σµ in terms of g σµ and f σµ is derived in [20, 2] and confirmed by tetrad methods in [3] ,
In (121) 
. From (113), these higher order terms must be < 10 −64 of the leading order terms, so they will be completely negligible for most purposes.
Extracting Υ τ νβ of (121) from the Hermitianized Ricci tensor (21) gives [2] ,
Here, covariant derivative is done using the Christoffel connection (8) formed from the metric (7), and R σµ = R σµ (Γ) is the ordinary Ricci tensor.
Here G σµ = G σµ (Γ) is the ordinary Einstein tensor formed from the Christoffel connection (8), and Λ is the small "physical" cosmological constant (6, 110) . As in (119-123), the O(f 4 ) terms in (129) are < 10 −64 of the other terms because of (113). Also, when the conversion to cgs units (12) is applied, the terms following the ordinary electromagnetic term are all divided by the very large Λ b from (109), so these terms will be negligible except for extremely rapidly changing fields. For electric monopole fields, we see from (113-115,11) that the extra terms of (129) must be < 10 −32 of the ordinary electromagnetic term. For an electromagnetic plane-wave in flat background space we have j ν = 0 and
(131) Here A is the magnitude, k α is the wavenumber, and ǫ α is the polarization. Substituting (130,131) into (129), it is easy to see that for flat space all of the extra terms of (129) vanish. Also, for electromagnetic plane-wave fields, even if some of the extra terms in (129) were non-zero because of spatial curvatures, we see from (116,117) that they must still be < 10 −16 of the ordinary electromagnetic term. Finally, for purposes of considering worst-case magnitudes, j τ can be regarded as a substitute for (c/4π)f ωτ ; ω according to Ampere's law (11) , so the same conclusions apply with or without the j τ terms in (129). So even in the most extreme worstcases accessible to measurement, the extra terms in (129) must all be < 10 −16 of the ordinary electromagnetic term.
Substituting (120-124,11), into (127) and into the antisymmetric part of the field equations (72) gives,
From the Einstein equations (129) we know that R µν = −Λg µν + O(f 2 ). Using this, the covariant derivative commutation rule, and the definition of the Weyl tensor gives
Substituting (137) into (136) and dividing by Λ b gives
. (138) where
In (138) the F σµ term is the ordinary electromagnetic field (142). The
term is divergenceless and appears as 2ϑ [µ,σ] in the dual of f σµ . The f σµ Λ/Λ b term is ∼ 10 −122 of f σµ from (111). The O(f 3 ) terms are < 10 −64 of f σµ from (113). The Weyl tensor term is < 10 −77 of f σµ from (118). And regarding j τ as a substitute for (c/4π)f ωτ ; ω from Ampere's law (11), the j [σ,µ] term is < 10 −32 of f σµ from (115). So even in the most extreme worst-cases accessible to measurement, the last four terms in (138) must all be < 10 −32 of f σµ . Taking the divergence of (138) using (11), the divergenceless term ϑ [τ,α] ε σµ τ α falls out and we get an extremely close approximation to Maxwell's equations,
As usual, Faraday's law (144) is just an identity which follows from the definition (142). The extra terms in the order f 2 Ampere's law (143) are < 10 −32 of the primary terms because this is true for (138). This is essentially a result of the very large value of Λ b from (109) and of the smallness of f α β from (12, 105) . In most so-called "exact" equations in physics, there are really many known corrections due to QED and other effects which are ignored because they are too small to measure. We should emphasize that the extra terms in (143) are at least 20 orders of magnitude smaller than known corrections to Maxwell's equations which are routinely ignored [31] .
The ϑ [τ,α] ε σµ τ α term of (138) should also be expected to be negligible from (114,115,139). However, we need to consider the case where (106) are not satisfied because ϑ τ alone changes very rapidly. Taking the curl of (138), the F σµ and j [σ,µ] terms drop out and from (139) we see that ϑ ρ obeys a form of the Proca equation,
This equation suggests the possibility of ϑ ρ plane-waves, or a ϑ ρ particle in a quantized theory, and this is discussed in detail in §6- §7 of [2] . There it is shown that if ϑ ρ planewaves do result from (145), they would apparently have a negative energy. However, the other odd feature of such plane-waves is that from (145,107,109), their minimum
c /l P would exceed the zero-point cutoff frequency ck c = cC c /l P , and we assume this would prevent them from existing. Whether the cutoff of zero-point fluctuations is caused by a discreteness or uncertainty of spacetime near the Planck length [27, 26, 29, 30] or by some other effect, we simply assume that this cutoff would also apply to real fundamental particles [28] . So we would expect to observe only the trivial solution ϑ ρ ≈ 0 to (145), except perhaps for non-plane-wave solutions. Comparing ω and ck c from above, we see that this argument only applies if
where C c , C z are defined by (107,109). Since the prediction of negative energy planewaves would probably be inconsistent with reality, this theory should be approached cautiously when considering it with values of C c and C z which do not satisfy (146).
Discussion
There are other ways of generalizing the symmetric field Lagrangian density (13) to nonsymmetric fields which are just as natural as (14) . It happens that the original Einstein-Schrödinger theory results from any Lagrangian density of the form,
whereR σµ = R σµ (Γ) and where we definẽ
with arbitrary constants c 1 , c 2 , c 3 . Contracting (148) on the right and left gives
so the connectionΓ α σµ has the symmetry (4), and has only n 3 − n independent components. Also, from (148,149) we have
soΓ α σµ and A σ fully parameterize ♮ Γ α σµ and can be treated as independent variables. Therefore when we set to zero the variational derivative of (147) with respect toΓ α σµ and A σ , the same field equations must result as when ♮ Γ α σµ is used. Because the field equations can be derived in this way, the constants c 2 and c 3 are clearly arbitrary.
For c 1 = 0, c 2 = 0, c 3 = −Λ b (n−1)/2 the Lagrangian density (147) reduces to (14) ,
For the alternative choice
For another alternative choice, c 1 = 1, c 2 = n/(n + 1),
In this case the field equations require that
which is a generalization of the result L ,ν −Γ α αν L = 0 that occurs with the symmetric field Lagrangian density (13) . In [2] it is shown that the theory appears to be unique in that it can be derived from a Lagrangian density with the property (154).
Whether one prefers the Lagrangian density (152), or the alternatives with the properties (153) or (154), it is clear that the original Einstein-Schrödinger theory can be derived from rather simple principles. The theory proposed in this paper is a natural extension of the original Einstein-Schrödinger theory to account for zero-point fluctuations and first quantization. The search for simple principles has led to many advances in physics, and is what led Einstein to general relativity and also to the Einstein-Schrödinger theory [13, 10] . Einstein disliked the term √ −gF σµ F µσ /16π in the Lagrangian density. Referring to the equation G σµ = (8πG/c 4 )T σµ he states [13] "The right side is a formal condensation of all things whose comprehension in the sense of a field-theory is still problematic. Not for a moment, of course, did I doubt that this formulation was merely a makeshift in order to give the general principle of relativity a preliminary closed expression. For it was essentially not anything more than a theory of the gravitational field, which was somewhat artificially isolated from a total field of as yet unknown structure." In modern times the term √ −gF σµ F µσ /16π has become standard and is rarely questioned. The theory presented here suggests that this term should be questioned, and offers an alternative which is based on simple principles and which genuinely unifies gravitation and electromagnetism.
Conclusions
The Einstein-Schrödinger theory is extended to include spin-0 and spin-1/2 sources. Other fields could be included in a similar manner. When an extrinsic cosmological constant from zero-point fluctuations is assumed, the theory closely approximates ordinary one-particle quantum mechanics, electromagnetism and general relativity.
Appendix A. A Divergence Identity
Using only the definitions of g σµ and f σµ (7, 9) and the identity (52) gives,
Appendix B. Derivation of the Generalized Contracted Bianchi Identity
Here we derive the generalized contracted Bianchi identity (83) from the connection equations (3), and from the symmetry (4) ofΓ α σµ . Whereas [20] derived the identity by performing an infinitesimal coordinate transformation on an invariant integral, we will instead use a direct method similar to [10] , but generalized to include charge currents. First we make the following definitions,
HereΠ σµ is the Hermitianized Ricci tensor, which has the property from (34),
Rewriting the connection equations (3) in terms of the definitions above gives,
Differentiating (B.8), antisymmetrizing, and substituting (B.8) for W τ ρ ,λ gives,
Cancelling the terms 2B-3A, 2C-4A, 3C-4B and using the Riemann tensor (B.3) gives,
Multiplying by 2 and using the definition (B.4) gives,
(B.13)
Contracting over ρ σ and using (B.7) and j σ ,σ = 0 gives the useful intermediate result,
(B.14)
This is a generalization of the symmetry R τ λ = R λ τ that occurs with the ordinary Ricci tensor.
Next we will use the generalized uncontracted Bianchi identity [10] , which can be verified by direct computation, The +/− notation is from [10] and indicates that covariant derivative is being done withΓ has cancelled out of (B.27), the Christoffel connection Γ α σµ would also cancel, so a manifestly tensor relation can be obtained by replacing the ordinary derivatives with covariant derivatives done using Γ 
